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SPECIFICATION FOR SEMI-DENSE 
BITUMINOUS CONCRETE 


1. INTRODUCTION 

1.1. Tire formal, a tit? n of die draft of the specification lor 
Semi-Dense Bituminous Co no nice had been under the eo nsiefe ra¬ 
tion of the Bitnmi nous Pavements Committee* This Committee in 
their meeting field at Madras on the 12th December, 19S5 discus¬ 
sed i he :.'i. [>ove men Lion -■ ii Speci fion tion a n d au 1 ho ri sed S/Sh r i K.P. 
Nair fold R.S, Shukla to modify and redraft the Specification in 
I,jght of the commtaf.s received Accordinfi[y, the draft Spccific- 
ation was revised by this Group and considered by the Specifica¬ 
tions & Standards Committee. The draft Specification was 
modified by SJhn P. B ha ska ran, Member-Secretary, Bituminous 
Pavements Committee on the basis of the comments of Lhc 
Specifications & Standards Committee and it was again placed 
be foie the Bi luminous Pavements Com mil tee (personnel given 
below) in their meeting held at Madras on the 13th March, I9S7* 
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1.2. Thb Co pm itieo. authorised S hr i P. BbttskaVan to ri n. a - 
Jrie the draft Spec [flea lion and forward for further can si deration 
of the Specifications &. Standards Committee. The revised draft 
S p b cifi ettti o n w a s co a sj dere d by th e Spe c i fi ca ti am & St# n d a j d s 
Committee in their meeting beid at New'Delhi cm the 23rd April, 
I9S7* Later on the Specification was approved by the Executive 
< Ommittee oo 28-th April, 1987 and by the Co unci 3 in. their 
meeting held at Udaipur mi 22rid May, 1987 for being published 
by [lie Indian Roads Congress. 

2. SCOPE 

2A. rhis draft Specification deals with the basic outline 
for the design* construction and controls needed while laying 
semi-dense bituminous concrete wearing course mixes for high¬ 
ways. Ii only highlights the essentials so as io be of use while 
preparing the contractual documents for specific jobs of this type, 
and is not intended to be a detailed code of practice. 

2.2. Sc ini-dense bituminous con cretc shall be used as a 
wearing course and shall not be laid directly over WBM or any 
granular base. The item shall consist of mineral aggregates and 
appropriate binder mixed iu a hot-mix plant and laid with a 
paver on a. previously prepared base in accordance with the 
Specifications and conforming to the lines, grades and cross- 
sc ctions* 

i design criteria 

3.1- Being high cost specification, setni-dense bituminous 
concrete mixes should be properly designed so as to satisfy cer¬ 
tain criterju needed to assure satisfactory performance and 
durability. The mix as designed and laid should satisfy the re¬ 
quirements given in Table 1 based on. Marshal] method Which is 
suggested for the present for the sake of simplicity and uoiforroitv. 


TabLII J. UEJEUftEMLlN'r yf THE Mix 

(Jl Number of compaction blows on each end of 

Marshall specimen so 

(ii) Marshall stability hi k& (Mhurmirn) 340 

(i.si) Marshall flow (iwr>,) | 2-4 

(b r ) Per-cent voids in mix 5-io 

(v) Fcr cent voids in mineral aggie-gale filled with Ejhutneri 55-7ii 

ivi) Binder comcnt as per cent hy Wfcjght of total mix 

(to be decided based on Marshall design method) 4.5-fi.O 


. Votes: 1 ft ia sugeusted thaUlighcr Stdbiiiiy valued consistent with other 

requirements should be achieved -us far as possible. 

2 . At bus stops, parking areas and roundabouts, near minimum (low 
value should be adopted. 

h The ai tempi should be lo have well graded aggregate and ilia per 
cent voids 1 JL the mis dosci I0 the lower limit 


0 
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4.L In order ip satisfy the requirement spelt out in para 3, 
Lhe seim-dense bituminous uonercte mi?; Shall consist Of coarse 
aggregate, line aggregate mid filler in Suitable proportions and 
mixed with sufficient binder content. True and representative 
samples oi' the aggregates proposed to be used on the specific job 
shall be tested in the design laboratory and proper blend of the 
aggregates shall be worked out so that the gradation of the final 
composition will satisfy cither ot the three limits set loith ifl 
Table 2. 


'I'able 2. Gradation or AOOfiEOAxe ik Thu Final Mix 


Grading Klumber : 

1 

2 

3 

Sieve size 

22.4 mm 

_ 

qri;r cent passing hy weight) 

too- 100 

l 3.2 mm 

too 

85-100 

79-100 

11.2 mm 

88- iOt) 

70-92 

68-90 

5.5 mm 

42-64 

42-04 

33 55 

£.8 mm 

22 38 

22 - 38 

22 — 38 

7 lb jim 

11-34 

11-24 

6-22 

355 jiin 

7- 18 

7-18 

4—14 

1B0 pm 

5—13 

5-13 

2-9 

90 pm 

3-9 

3-9 

0 5 


Grading No, J is suggested for compacted thickness of 25mm 
and Grading No$. 2 and 3 for compacted thickness of 25-40 mm. 


The exact bitumen content required shall be arrived at as 
per Marshall procedure for the aggregate gradation worked out 
in the laboratory and by using the jame paving bitumen proposed 
to be used in the field. 

4.2. The material shall further satisfy the following physical 
requirements. 

4,2.1 Bitumen : Tbc bitumen shall be paving bitumen os' 
suitable penetration grade within the range of S 35 to S 90 or 
4 35 to A,90 (30/40 to 80/100) as per IS : 73 Paving Bitumen . 
rile actual grade of bitumen to be used shall be decided by the 
Engineer-in -charge, appropriate to the region, traffic, rainfall and 
other environmental conditions. 
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4.2.2. nggregafc t Wife? course aggregate $fi#]| be crusb- 

¥ Wtem nmnpd on 2.8 mm Sieve and shall be crushed stone 
c ; ushed C«*ush*i1 gravel (shingle) and sbalJ consist of angular. 
U e-iin, tough and dura bJe I ragmen ts, free from disintegrated pieces 
acid Qfgan'tc or deleterious mailer and adherent coatings. The 
f™! 1 RffMW# te. hydrophobic and of tow poroskv. 
■Vhcn; the hydropl'iUn aggregates are used; the bitumen shall be 
treated wiLh anti-sinppcng agents of approved quality in suitable 
oscs^ I he aggregate shall safesty the physical requirements as 
given in 1 able 3. 

J Am.1 3. pnvsIc;rtL HI 1 IRj: M fNTs ou Coarsci AnasKOATE 


Test 

Kccjulreniciit 
{per ccnl 
marina inn.) 

'Issi Method 

Aggregate Impact Value 

30 

tS : 2386 (Putt 1VI 

or r.os Angeles Abrasion Value 

4l> 

—do— 

FEakine&s lnde?i 

30 ES : 2m (Part 1) 

Sl ripping Value 

25 is mm 

Water Absorption 

1 IS ;23EG fPart HE) 

Soundness 



1 OSS with Sbiihim KulphitLi, 3 cycle:'; 

n 

3 : 23Z6 iTfu-L V|- 

J css ■.viih Magnesium sulphate, 5 cycles 

la 

—do 


1 ; ■ ’ w«em snail nol be less ih&n J120 kg/in* 

2 ciZt fibaorptian upt0 - P cr may be permitted In exceptional 

4.2.3. Fine aggregate ; The fine aggregate shall be the 

trac ion passing 2.B mm Sieve and retained on 90 sieve and 

C TT ,? t Cr f h ^ peeniugs, natural sand or a mixture of 
bttn. f It siuKI be eJcttn, hard, durable, uiKOatcd, dry and free 

matTer JnJiJn011 ^ ^ ° r * 1aky ant1 or ^ nk 0r defettetfdmt 

4 - 2A '. ; Thc requirement of filler in semi-dense bilm 

miiuous mixes shall normally be met by die material passing 90 
nm sieve in fine aggregate in case the line aggregate is deficient in 
m a ten a] passing 9<j f*m sieve, extra filler shall be added The ftljcr 
ahali be an inert material, ihc whole of which passes 710 ^i, sieve 
mlefi£i 9u 1cenl P a sscs ISO fi in sieve and not less than 70 n-r 
cent passes. 90 sieve. The filler shall be stone dual cement 
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hydrated lime, ftyash or other approved nan-plastic mineral 
matter, 

5, JOB MIX FORMULA 

5J, While the laboratory mix design sivas the different 
proportions of the mineral aggregate combination in terms of 
individual sieve siv.es, for actual operational purposes in the field, 
blending of two or more stees of aggregates '(each size having 
within it a range of individual sieve sizes) would be necessary. 
This blending ratio is obtained on a weight basis, giving the per 
cent weight of the course aggregate, line aggregate and filler 
needed lc give I lie ultimate aggregate gradation. It can also be 
proportioned on a volumetric basis based on the unit weight or 
balk, density of the aggregates supplied. This mineral aggregate 
combination together with the corresponding optimum bitumen 
co jiten t a s defer mined in the lit o rat o ry con s t i t u t|g the job m i x 
formula for implementation during construction. 

5.2. It is emphasised that in order that this formula be 
adhered to in practice, the mis design shall be worked out based 
inn a correct and truly representative sample of the materials that 
will actually be used in the specific construction project. 

n. CONSTRUCTION 

fi.L Preparation of the Base 

The base ovei which the seini-den sc bituminous concrete is 
to be laid shall be completely free from dust, caked mud, etc. 
before faying the surface course. Where the existing hasp is 
pntholed or rutted, the irregularities shall be filled in with 
premised materihls arid well rammed, 

IT th e c x i s l e n g base is ext re m c I y i r r eg u la t a n d w a v y, it may 
beSbMitifcrbd worthwhile to lay a bituminous level ling course 
(Profile Corrective Course) of adequate thickness to avoid an 
eKcesft i vc u sc of t he cofitly s u r face c o u r sc. 

A tack coal ;u the rave of fi to 7.5 kg of bitumen per 10 in“ 
shall be given over a bituminous base or binder course if the exis¬ 
ting surface is dry and hungry, dud 5 to 5.5 kg per 10 m- on a 
normal bituminous base, 

6 2, Preparation ef tilt Mix 

t 

LL \< imperative that Lhc semi-deusc bituminous concrete mix 
be manufactured by using a hot-mix plans of adequate capacity 
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to yield a mix of proper and uniform quality. I he. plant may be 
either a batch type or a continuous one having a co-ordinated set 
of essential units such as a dryer for heating the aggregates, 
amtngemciiEii for grading and batching by weight or volume the 
required quantities of aggregates, a bitumen heating and control 
□ nit for metering out the correct quantity of heated bitumen 
together with n paddle oilier fot intimate mixing of-bitumen and 
aggregates, A fines feeder for incorporation of the correct 
quantity of fifler is also a necessary auriilluiry. 

6,3* Spreading of I lie Mix 

The mix Khali he transported from the mixer by tipper 
I rucks to the work site and spreading done preferably by means 
of a self-propelled mechanical paver with suitable screed capable 
of spreadin& lampi ng and finishjng thc mb. true i0 grude, ]ine 
and cross-section. The mix should be spread in sticb a manner 
that after compaction, the required thickness of carpet is unifor¬ 
mly laid. 

Longitudinal joints and edges shall be constructed true to 
line marking parallel to the centre line of the road. Longitudinal 
joints should be offset at I east by 150 mm from those in hinder 
course, if any. and transverse joints or construction joint Shall be 
placed in the vertical plane after cutting back to the original 
thickness of the previously laid mix. The vertical cut face shall 
be painted with hoi bitumen prioi to the laying of fresh mix 

against it. 


6,4. Compaction 

The mix after spreading shat!J be thoroughly and uniformly 
compacted by rolling by a set of rollers at u speed not more than 
5 km per hour, immediately following the paver. The initial or 
break down rolling shall be with 8-12 tonne three wheel steel 
roller and the surface finished by final rolling with the S-1G tonne 
tandem roller. Before finish Jug with the tandem roller, break¬ 
down rolling shall preferably be followed by an intermediate 
smooth wheel pneumatic roller of 1.5 to 30' tonne having a. tyre 
pressure pi 7 kg/sq.oin. The joints and edges shah be rolled with 
a 8-12 tonne three wheel roller. All the compaction operations i.e. 
breakdown rolling, later mediate rolling and finish rolling can be 
accomplished by using a vibratory roller of 8-10 tonne static 
Wright, During finish rolling . Lhe vibratory system shall be swit¬ 
ched off. 

I'he wheels of roller shall be kepi moist to prevent the mix 
from adhering to then!. 1 ri no case shall fuel, 1 ‘lubricating oil be 
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used for this purpose nor excessive waiter poured on the wheels. 
R q ] J i j s n s h 3 lice m men re lo ngjLudi na ] ly fro m ed ge a n d p rag re S s 
i p wa r d s' t h e centre ex oept on s u pe r-e leva ted po rfions wli e re a i 
shall progress from the lower to upper edge, parallel to lire centre 
lino of the pavement. The roller should proceed on the fresh 
material with rear fixed wheel leading so as to minimise the push¬ 
ing of the mix and each pass of the roller shall overlap the pre- 
ceding one by half the width of the rear wheel. Rolling shall be 
continued till the desired density of not less than 98 per cent ol 
lUc lab design density is achieved and all roller marks are 
eliminated. 

6.3. Opening to Traffic 

Traffic may be allowed after completion of the final rolling 
when the mix has cooled down to the-surrounding temperature. 

7, CONTROLS 

7.1 Adequate quality control at every stage of the work is 
essential and as such a field laboratory must be set up to ensure 
i he following controls. 

7 ij L Periodic sieve analysis of each type of the aggregate 
at the cold feeder end should he made to see that the gradation 
of aggregates reasonably follows the original gradation of the job 
mix designed* The number of samples per day would depend 
upon the number of bulk supply of the aggregates made in a day 
at the plant site. The physical properties as required in Table _3 
shall be- determined at the rate of one test each for every 5D-IUU 
m 3 of aggregates or as directed by Engineer-in-charge* 

7.1.2* Pc rio die check o n pens t ratio n a n d so ft en Lag p oi n l of 
the binder should also be done in the manner specified in JST203 
and 1205. 

7.1.3. It shall be ensured that the aggregates are not totally 
wet as otherwise it would affect the output of the plasM adversely. 
The aggregate temperature measuring device installed at Lhc end 
of dryer should be checked periodically to sec that the aggregate 
temperature nevei exceeds 163 ,: 'C. A tolerance upto 10'C on ibe 
lower side may be permitted* 

7.1.4. The bitumen temperature should be well within the 
limits specified. The viscosity of heated bitumen shall be between 
150 and 300 eentl stokes for which the normal temperature range 
for paving bitumen is 1500-177°C. 
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s.\.5 r At no tame, tfae difference in temperature between 
aggregate find bitumen should exceed I4^C, 


^-l.d. Periodic check oi the aggregate at the gradation 
control unit (if the plant is fitted with one) or at the hot bin gates 
should be. made.to sec that the pfoportion of the aggregates as 
specified m the job mix formula is on m plied with. 

7.N7. At least one sample tor every lOCMonnes of bitu- 
mmous mix discharged at the pugmill chute or a minimum of 
one sample per plant per day shall be collected and the following 
tests done ' 


{i> l’bree Marslia]E specimens shall bt compacted am! tested for the 
average stability. how, voids content and density. The value should 
closely follow the laboratory design values 

(ii> Bitiunen-AhaJl be extracted from about 1000 grams of the mi* and 
bitumen ccmlcint determined. ' 

(up A sieve analysts nf the aggregates after the bitumen ls extracted 
he done and ihe gradation determined. 


ibe permissible varifitions of the individual pcr.een- 
tages^ct'the various ingredients in the acina] mix from the iob 
mix lorniuia shall be witliin the limits indicated in Table 4. 


T ft Tlf.H 4. Pe BMISS i Jll-B V A RJ AT to NS FROM JOB MlX I : n KM U LA 


SL 

No. 

Description of Ingredient 

Permissible 
variation by weight 
of tola 1 mix 
(pur cent) 

1 , 

Abrogate passing 3 3.2 or larger sieve 

3 

2 , 

Aggregate passing 1 t.'S mm sieve and 5,6 ]iim nievC 

± 7 


Aggregate passing 2.8 mm sieve and T.4 mth sieve 

i ^ 

4, 

Aggregate passing 710 sieve and 355 -tm sieve 

£ 5 

5, 

Aggregate passing ] KO pm siuvc 

± 4 

e. 

Aggregate passing 00 sieve 

£ 3 

i. 

Bitumen content 

± 0-3 


i 


7J W $>, The temperature of the mix at the time of lay inp 
shad not exceed 16Q'C and shall not be less than J2(TC 


7.1 10. Rolling operations shall he conducted when the 
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mix is neither too h 6t nor too cold so thaL sSiL>vi"n£^ m hair cracks 
rainy be eliminated, Roiling operation idiall be com pi etc d in 
eve ry res pc e t be.fo re i h c 1 e m \ k; rat u re of th c mix fa ils h e J o w 80 ‘’C. 

7.1J [. After the mf\ is compacted the thickness laid may 
be checked by noting the depth .of penefcr&tlpii of hot steel scale. 

1'his shall also be correlated with !!ic measured area oi the sur¬ 
face laid and the iota] plant: output of the mi* in fbnnes (as given 
in the plant scale). 

7., 1.12. F or eve ry 500 1 it ~ o r ies s o f co m.pa cte d si i r fa ce. o nc 
held density test should be conducted to determine the density of 
the mix as laid T compacted and finished. The density shallj*ot 
be less than l )S per cent of the laboratory density. 

7. i.13. i'hc longitudinal profile, of the finished surface shall 
be tested with a straight edge 4,5 m long parallel to the centre 
line and the transverse profile with a camber template. Any 
irregularity greater than <j mm shall be corrected. The longitu¬ 
dinal profile of the finished Surface shall also be tested with a 
j'oughomcter/profilometer and il Should be ensured that the 
roughness shall not exceed .2500 mm per kilometre. 

ff WKATHER AND SEASONAL LIMITATIONS 

Semi-dense bituminous concrete carpel shall not be laid 
during rainy weaLhcr or when the base.'binder course h damp or 
wet, and normally -when the atmospheric temperature in the 
shade is \5°C or less. 


i 
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